Abstract. We give certain s solutions to a Rayleigh-type equation with state we extend and improve some known results in the literature. 
Introduction
It is well known that the British mathematical physicist Lord Rayleigh Nobel Prize laureate for Physics in 1904, introduced an equation of the form )) (
to model the oscillations of [2] .This equation was named after Lord Rayleigh, who studied equations of this type in relation to problems in acoustics.
In 1977 and 1985 respectively, Gains and Mawhin introduced some continuation theorems and applied them to discuss the existence of periodic solutions to ordinary differential equations. In particular, a specific example was given obtained using the established theorems for the differential equation of the form )) (
In this direction, in recent years, [7] , Liu [8] , Lu and Ge [9] and Tang [13] ,Wang and Cheng [2] , etc., continued to discuss the existence of periodic solutions to equations and modified Rayleigh equation researchers obtained many new results solutions to the mentioned equations. It should be noted that throughout the papers, the mentioned authors took into consideration the results prove their main results.
It is well known that the British mathematical physicist Lord Rayleigh [1] , the Physics in 1904, introduced an equation of the form
to model the oscillations of a clarinet reed; for details, see Wang and Zhang ].This equation was named after Lord Rayleigh, who studied equations of this to problems in acoustics.
respectively, Gains and Mawhin [3] and Deimling [4] continuation theorems and applied them to discuss the existence of periodic solutions to ordinary differential equations. In particular, a specific example was given in [3, p. 
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and its auxiliary equation
where (0,1),
We have established two new theorems on the existence of periodic solutions of Eq. (1). This paper was inspired by the results established in the aforementioned papers and in the literature. Our aim was to generalize and improve the results of Zhou and Tang [13] and Wang and Yan [15] . This paper is also a contribution to the subject in the literature and it may be useful for researchers who work on the qualitative behaviors of solutions.
It should also be noted that, in 2012, Alzabut and Tunç [5] discussed the existence of periodic solutions for a type of Rayleigh equation with statedependent delay of the form
The authors of [5] utilized the continuation theorem of degree theory to obtain sufficient conditions for the existence of periodic solutions of the above equation. The main result in [5] has been proved by bypassing the boundedness of g and the integral condition on .
p When we compare Eq. (2) with the equation discussed in [5] , it can been seen that Eq. (2) is different from that studied in [5] . Moreover, the authors of [5] utilized the continuation theorem of degree theory to obtain sufficient conditions for the existence of periodic solutions of the above equation; however, here we did not utilize the continuation theorem of degree theory. The conditions to be established and the method to be utilized in this study were different from those used in [5] . The cases show the difference between our results and those from [5] .
For the sake of convenience, let
Statement of Main Results
The following lemma plays a key role in proving the main results. 
Lemma
Hence, it follows that there exists a ]
We claim that there exists a
From the last estimate and (5), we have
The last estimate together with the assumption
then it follows from the estimate (5) and the assumptions of (H2) and (H3) that
From the first and last terms of the last estimate it follows that This completes the proof of Theorem 1.
